The application of US increased the drying rate at every temperature tested, 29 shortening the drying time by 16% at 0ºC and up to 60% at -10ºC. The ultrasonically 30 assisted dried samples presented a rehydration rate which was slightly lower than that 31 of those that had been conventionally dried, but they were harder and whiter, which is 32 more suited to consumer preferences. Therefore, power ultrasound could be 33 considered an affordable technology with which to accelerate LTD of desalted cod, 34 providing high quality dried products. 35 36
21
several mechanical effects that could help to shorten the long drying times associated 22 with LTD. In this work, the feasibility of using US in LTD of desalted cod was assessed.
23
For this purpose, desalted cod slices (50x30x5 mm) were dried (2 m/s) at different and hardness of both dried and rehydrated cod samples were also measured.
28
The application of US increased the drying rate at every temperature tested, 29 shortening the drying time by 16% at 0ºC and up to 60% at -10ºC. The ultrasonically 30 assisted dried samples presented a rehydration rate which was slightly lower than that 31 of those that had been conventionally dried, but they were harder and whiter, which is 32 more suited to consumer preferences. Therefore, power ultrasound could be
Introduction

39
Dried and salt-cured cod (Gadus morhua) is a highly-appreciated product due to its 40 high nutritional value (high protein and low fat content) and its particular sensory were conducted (samples dried at 0 and 10ºC). The third (samples dried at -10ºC) was 100 frozen by placing samples at -18±1ºC until processing (at least 72 h).
101
The moisture and the NaCl content of the cod samples were measured before and 
126
The drying experiments were replicated at least three times for each drying condition 127 tested and extended until samples lost 65±3% of the initial weight. After drying, the 128 moisture content of the samples was also measured following standard method 950.46 (Crank, 1975) .
where, λn are the eigenvalues calculated as 
199
In each sample, the penetration tests were carried out at 16 points following a preset 
223
The application of US increased the drying rate at every temperature tested ( Figure 2 ).
224
The shortening of the drying time depended on the temperature being higher at -10ºC 225 (60%) than at 0 and 10ºC (16 and 29%, respectively). As observed in Figure 2 
237
Karnsbald, Germany), but considering only the initial drying period (until samples 238 reached a moisture content of 45%). Schössler, Jäger, and Knorr (2012) reported that, 239 when freeze-drying red bell pepper cubes using a contact ultrasonic system, the drying 240 time was shortened by 11.5%.
242
Modeling of drying kinetics
243
The proposed model was adequate for describing the drying kinetics of desalted cod 244 slices at 0 and 10ºC, obtaining percentages of explained variance (VAR) of over 99% 245 (Table 1 ). The goodness of the fit at 0 and 10ºC is illustrated in Figure 2 , where the 246 similar trend of the experimental and calculated moisture content can be observed. On 247 the contrary, a lower VAR value (98.5%) was found in the experiments carried out at -248 10ºC, probably because the samples remain frozen during drying. Under these 249 conditions, the water is removed by sublimation and two layers can be found in the 250 product: a frozen inner core and a dry outer layer. Therefore, the product is not 251 homogeneous, as is assumed in the diffusion model.
252
At the drying temperatures tested, the fit of the diffusion model was poorer when US 253 was applied. This is probably due to the fact that US application partially modifies the 254 mechanisms of mass transport that could affect the relationship between internal and 255 external mass transport resistance, meaning that diffusion was not the only mechanism 256 controlling mass transfer, as assumed in the model.
257
In any case, in the proposed model, any effect on the drying rate was included in the 258 Ded. Therefore, this parameter can be used to compare and assess the overall effect of 259 the different conditions tested (temperature and/or US application) on the drying rate.
260
In the case of temperature, the higher the air drying temperature applied, the higher the 261 identified Ded (Table 1 ). The application of US during LTD of desalted cod also involved 262 a significant (p<0.05) increase in the Ded at the three temperatures studied (Table 1) .
263
This influence of US on the identified diffusivities were similar to those reported by 
272
As can be observed in Table 1 , the increase in Ded produced by US application was 273 significantly (p<0.05) larger in the experiments conducted at -10ºC (123.5%) than in 274 those carried out at 0 and 10ºC (17.4 and 35.4%, respectively). As stated before, while 275 evaporation was responsible for the water removal at 0 and 10ºC, at -10ºC it took place 276 through sublimation which can be assumed to be atmospheric freeze drying. This 277 makes the outer porous dry layer developed during this kind of drying more prone to 278 the ultrasonic effects than the more compact structure developed during drying by 279 evaporation at 0 and 10ºC. In this sense, Ozuna, Gómez, Riera, Cárcel, and Garcia- 
293
Thereby, the average rehydration time for AIR samples dried at 0 and 10ºC was 294 22.0±0.9 h, while for AIR samples dried at -10ºC it was 8.7±0.3 h. The moisture content 13 reached at the end of the rehydration process was also significantly (p<0.05) higher for 296 samples dried at -10ºC (3.05±0.44 kg water/kg dmdc) than for those dried at 10 and 297 0ºC (2.61±0.24 and 2.41±0.10 kg water/kg dmdc, respectively). These results could be 298 explained by the fact that drying at -10ºC leads to a minimum shrinkage and a highly 299 porous structure (Stawczyk, Li, Witrowa-Rajchert, and Fabisiak, 2007) . So, the high 300 porosity makes it easier for water to enter the dried matrix.
301
The application of US during drying did not significantly (p<0.05) affect the moisture 302 gain rate during the rehydration of samples dried at 0 and 10ºC (Figure 3 
318
The experimental rehydration kinetics were also modeled, taking Equation 2 into 319 account. A satisfactory description (VAR>98%) (Table 2) of the rehydration kinetics 320 was only obtained for AIR dried samples at 0 and 10ºC (Figure 3) . In samples dried at -14 10ºC, mechanisms other than diffusion, and probably linked to the high porosity and 322 bulk water input, could be involved.
323
The Der identified for samples dried at 0 and 10ºC was similar ( 
(AIR) and with (AIR+US) (
358
The drying temperature did not affect the color of the rehydrated samples (Table 4) (Table 4) .
362
In this case, ∆E was calculated by considering the desalted cod prior to drying as 363 reference. In general terms, the dried and rehydrated cod samples did not recover the 364 color of the desalted samples, the ∆E ranging from 8.8 to 11.7 (Table 4) 
400
The application of US during the low temperature drying of desalted cod improved the 401 drying rate at every temperature tested, but it was particularly noticeable when drying 402 took place at -10ºC, which is when water removal took place by sublimation. As far as 403 quality attributes are concerned, the cod dried at -10ºC rehydrated faster and gained 404 more water than that dried at higher temperatures. Moreover, these samples were 405 brighter, whiter and slightly softer than those dried at 0 and 10ºC. US application 406 slightly reduced the rehydration rate and increased the sample's hardness, but allowed 407 whiter samples to be obtained, which are usually preferred by consumers. Therefore, 
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